Epidemiology
Four dengue virus serotypes are recognised. Infection with one serotype is thought to produce lifelong immunity to that serotype but only a few months immunity to the others. 1 4 Humans and mosquitoes are the principal hosts of dengue virus; the mosquito remains infected for life, but the viruses are only known to cause illness in humans. In forest and enzootic cycles in Africa and Asia the virus is probably sustained through vertical (transovarial) transmission in the mosquito, with periodic amplification in non-human primates. 3 5 The virus is transmitted by bites from Aedes mosquito.
The principal vector of dengue, Aedes aegypti, is found worldwide between latitudes 35°N and 35°S ( fig 2) . It is an efficient vector for several reasons: it is highly susceptible to dengue virus; it feeds preferentially on human blood 6 ; it thrives in close proximity to humans; it is a daytime feeder; its bite is almost imperceptible; and it is a restless mosquito as the slightest movement interrupts feeding, thus several people may be bitten in a short period for one blood meal. 7 8 Unlike most mosquitoes, A aegypti takes more than one blood meal during a gonotropic cycle-that is, before the eggs are laid. 8 In many areas, dengue epidemics occur during the warm, humid, rainy seasons, which favour abundant mosquitoes and shorten the extrinsic incubation period. 4 9 10 In the past 60 years the incidence, distribution, and clinical severity of dengue has increased dramatically. Population growth in the tropics provides many susceptible hosts. Uncontrolled urbanisation leads to inadequate management of water and waste, providing a range of large water stores and disposable, non-biodegradable containers that become habitats for the larvae. Few control programmes are effective 
Summary points
Dengue is the most common cause of arboviral disease
The disease is more prevalent now than at any other time, and its prevalence is expected to increase A severe manifestation of dengue is dengue haemorrhagic fever, which is more common after a secondary infection with dengue virus Dengue is a relatively common cause of fever in travellers to the tropics, but severe disease is rare A cost effective vaccine is needed for the prevention and control of dengue 11 In addition, air travel has enabled infected humans to import viruses. These factors can change a region from non-endemic (no virus present) to hypoendemic (one serotype present) to hyperendemic (multiple serotypes present). 3 In South East Asia the mean number of annual cases of dengue haemorrhagic fever has increased from below 10 000 in the 1950s and 60s to over 200 000 in the 90s. The same pattern is now unfolding in the Americas. In the 80s there were 15 000 cases of dengue haemorrhagic fever, in the 90s there were 56 000 cases, and in 2001 alone there were 15 000 cases. 12 13 The numbers of reported cases of imported dengue in countries outside the tropics have also been increasing. [14] [15] [16] Nevertheless, dengue is often asymptomatic or causes a non-specific febrile illness, and dengue is not a reportable disease in most countries. 17 Thus, despite the proliferation of reported cases, it is generally accepted that the incidence of infection and disease is largely under-reported.
Pathology
Dengue haemorrhagic fever is distinguished from dengue by the presence of increased vascular permeability, not by the presence of haemorrhage.
1 Patients with dengue may have severe haemorrhage without meeting WHO criteria for dengue haemorrhagic fever (see bmj.com). In these cases the pathogenesis probably derives from thrombocytopenia or a consumptive coagulopathy, not from the vascular leak syndrome seen in dengue haemorrhagic fever. 18 Dengue haemorrhagic fever may (grades III and IV) or may not (grades I and II) include clinical shock, referred to as dengue shock syndrome (see bmj.com).
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Dengue virus antigen has been found in a variety of tissues, predominately the liver and reticuloendothelial system. 1 10 Viral replication is thought to occur primarily in the macrophages, although dendritic cells (Langerhans cells) in the skin may be an early target of infection. 19 As with yellow fever, focal central necrosis has been found in the liver of patients who have died of dengue. 4 20 Autopsies of patients who died of dengue haemorrhagic fever show diffuse petechial haemorrhages in most organs and serous effusions of pericardial, peritoneal, and pleural spaces. Dengue virus (by isolation and reverse transcription-polymerase chain reaction) and antibody (including IgM) have been identified in the cerebrospinal fluid, but direct involvement of dengue virus in neuronal damage is controversial. 4 21-23 More studies on this are needed.
All four serotypes have been associated with dengue haemorrhagic fever. Variations in virus strains within and between the four serotypes may influence disease severity. Secondary infections (particularly with serotype 2) are more likely to result in severe disease and dengue haemorrhagic fever. 24 25 This is explained by the theory of antibody dependent enhancement, 26 whereby cross reactive but non-neutralising antibodies from a previous infection bind to the new infecting serotype and facilitate virus entry into cells resulting in higher peak viral titres. In primary and secondary infections, higher viral titres are associated with more severe disease. 25 Higher titres may result in an amplified cascade of cytokines and complement activation causing endothelial dysfunction, platelet destruction, and consumption of coagulation factors, which result in plasma leakage and haemorrhagic manifestations. 27 28 
Clinical features and diagnosis
The clinical features of dengue vary with the age of the patient and, in addition to clinically inapparent infections, can be classified into five presentations: non-specific febrile illness, classic dengue, dengue haemorrhagic fever, dengue haemorrhagic fever with dengue shock syndrome, and other unusual syndromes such as encephalopathy and fulminant liver failure. 4 29 Young children with dengue often have an undifferentiated febrile illness with a maculopapular rash. Upper respiratory infections, especially pharyngitis, are common. Most infections in children under 15 years are asymptomatic or minimally symptomatic; a study of schoolchildren in Thailand found only 13% of those infected missed more than one day of school because of illness. 17 Classic dengue is more commonly seen among older children, adolescents, and adults. They are less likely to be asymptomatic. 30 Dengue is abrupt in onset, typically with high fever accompanied by severe headache, incapacitating myalgias and arthralgias, nausea and vomiting, and rash (box 1). Rash, typically macular or maculopapular, often becoming confluent and sparing small islands of normal skin, has been reported in over half of infected people. 31 Other signs and symptoms include flushed facies, sore throat, cough, cutaneous hyperaesthesia, and taste aberrations. 4 Recovery may be prolonged and include depression. Dengue haemorrhagic fever is primarily a disease of children under 15 years in hyperendemic areas. Black populations may be at decreased risk. 32 The disease is characterised by increased capillary permeability and haemostatic changes (see box 1). If major plasma leakage occurs, it usually develops 24 hours before to 24 hours after defervescence. Patients may develop effusions and ascites with a variable amount of bleeding. Enlargement and tenderness of the liver has been reported in up to 40% of patients. 4 Mortality can be as high as 10-20% (over 40% if shock occurs) without early appropriate treatment, but it is as low as 0.2% in hospitals with staff experienced in the disease. Warning signs that dengue shock syndrome is impending include sustained abdominal pain, persistent vomiting, change in level of consciousness (irritability or somnolence), a sudden change from fever to hypothermia, and a sudden decrease in platelet count. 4 9
Fig 2 Aedes aegypti taking blood meal
Rare presentations of infection include severe haemorrhage, jaundice, parotitis, and cardiomyopathy. Unusual neurological presentations include mononeuropathies, polyneuropathies, encephalitis, and transverse myelitis. 22 Guillain-Barré syndrome has been associated with dengue. 33 Encephalopathy occurs occasionally and may result from cerebral oedema, cerebral haemorrhage, liver failure, or electrolyte imbalances.
Laboratory findings commonly associated with dengue include neutropenia, lymphocytosis, increased concentration of liver enzymes, and thrombocytopenia. Diagnosis can be confirmed with several laboratory tests; most often the haemagglutination inhibition test and IgG or IgM enzyme immunoassays (see box 1).
1 3 The non-specific presentation and course of infection underscore the importance of laboratory testing for confirmation of cause. Several diseases should be considered in the differential diagnosis (box 2).
Travellers
Travellers may unwittingly be infected with dengue virus because transmission is maintained even between epidemics; malaria should be ruled out in those returning with symptoms from an endemic area. 34 In Australia and Germany up to 8% of travellers returning with febrile illnesses were found to have dengue. [35] [36] [37] Because the incubation period can vary from 3 to 14 days (typically between 5 and 7 days) and viraemia can persist up to 12 days (typically 4 to 5 days), 9 25 dengue can be ruled out if symptoms begin more than 2 to 3 weeks after the patient has left an endemic area or if the fever lasts more than two weeks. 9 Nevertheless, dengue haemorrhagic fever and dengue shock syndrome are rare in travellers; those with a history of dengue should be advised to protect themselves well from mosquitoes when travelling to endemic areas.
Treatment
No specific therapeutic agents exist for dengue; steroids, antivirals, or carbazochrome (which decreases capillary permeability) have no proven role. In patients without shock, oral hydration should be started early. Paracetamol (aspirin and other non-steroidal antiinflammatory drugs should be avoided owing to the increased risk for Reye's syndrome and haemorrhage) can be used for fever and analgesia. Assessment of the patient's condition includes packed cell volume, platelet count, liver function tests, prothrombin time, partial thromboplastin time, electrolytes, and blood gas analysis. The patient's clinical condition should be monitored until at least 24 hours after defervesence because of the risk of shock.
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Patients with signs of severe dehydration or haemorrhage or those who cannot be monitored or return quickly if symptoms worsen should be admitted to hospital. Invasive procedures should be considered carefully because of the risk of haemorrhage. The choice of crystalloid or colloid solutions in dengue shock syndrome is under debate. 38 No studies have found a difference in clinically significant outcomes, but they do show that appropriate volume repletion is effective in dengue shock syndrome and that lactated Ringer's solution is no better (perhaps worse) than normal saline. 38 Larger scale studies may be needed if important clinical differences between colloids and crystalloids are to be found (including the possibility that dextran may worsen bleeding complications).
Prevention
Current prevention of dengue must focus on the mosquito. Aedes aegypti is difficult to control owing to its intimacy with humans. The mosquito readily finds habitats for its larvae in water storage containers and • Viral diseases Hantavirus; measles; rubella; enteroviruses; influenza; hepatitis A
• Bacterial diseases Meningococcaemia; scarlet fever; typhoid
• Parasitic diseases Leptospirosis; rickettsial diseases; malaria 4 domestic rubbish. Environmental methods for control include the management of water supplies and storage to prevent breeding, the management of solid waste, and the modification of larval habitats created by humans. Vietnam has had some success in eradicating larvae from water storage containers by using the predacious copepod, Mesocyclops spp. 39 Mosquito bites may be avoided by removing stagnant sources of water or by using protective clothing, repellants, larvicides (especially for containers that cannot be eliminated), and, in cases of epidemics, insecticides. Insect repellants should be used in the early morning and late afternoon when Aedes mosquitoes are most active.
The lack of a dengue animal model has been an obstacle in vaccine development. Also, safety and efficacy tests on dengue vaccines must consider antibody dependent enhancement, thus necessitating the development of a tetravalent vaccine. Live attenuated tetravalent vaccines are being evaluated in phase 2 trials. New approaches to vaccine development being studied include infectious clone DNA and naked DNA vaccines that may offer simpler and cheaper methods of manufacturing in conjunction with the possibility of greater stability and safety.
It may still be many years before a vaccine is available. The factors contributing to the increased incidence of dengue and emergence of dengue haemorrhagic fever are intensifying. Until the Aedes mosquito can be effectively controlled or a cost effective vaccine developed, dengue can be expected to continue to escalate. 
